
<3 



PATENT APPLICATION SERIAL 



NO. 



U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 
FEE RECORD SWEPT 



060 MC 03/07/91 07663397 



1 iOi 630.00 CK 91-91169 



060 MC 03/07/91 07663397 



i iO'i 



PTO-1556 
(5/87) 




that this ftfflre&j 



■dence & b 



being 



Express Mail Label 
No. RB467672557 



I hereby* 
deposited ^^^^B> United 

Express Ma if^B^ envelope addressed to:Colnmj&? 
of Patents and Trademarks, Washington, D.C 20231 

March 1, 1991 

on l ! j ! 

{Date of Deposit 

Antoinette Sullo 




BACKGROUND OF THE INVENTION 
i) Field of the Invention 
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Date of Signature 

This invention relates to a process and 
apparatus for recycling waste cellulosic material 
including paperboard to produce a cellulose fiber 
pulp, and to a cellulose fiber pulp so produced; the 
invention is especially concerned with recycling 
waste corrugated paperboard. 
ii) Description of Prior Art 

Paperboard, including corrugated paper- 
board, is widely used in packaging; millions of tons 
of used paperboard are discarded annually, and more 
than 70% of such discarded waste in Canada goes to 
landfill sites. 

^ Processes have been proposed to recycle at 

least a portion of such waste paperboard primarily 
for use with virgin pulp. Prior processes involve 
cleaning to remove non-wood contaminants and re- 
pulping to form a brownstock which is then mixed with 
virgin pulp for making linerboard or corrugating 
medium for use in corrugated paperboard. 

The quality of the re-pulped fibers is 
lower than that of comparable virgin pulp fibers and 
thus it is usual to use the re-pulped fibers only in 
admixture with higher quality virgin fibers, or to 
employ chemical additives such as resin or starch to 
compensate for the inferior quality of the re-pulped 
fibers. The inferior quality of re-pulped fibers as 
compared with comparable virgin pulp fibers arises 
from the processing to which the fibers were subjec- 
ted during the original paperboard manufacture, and 
also to aging in the paper product. 
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In U.S. Patent 4,737,238 recycling of 
waste paper containing aluminum is described in which 
an aqueous pulp suspension of the waste paper is 
screened and then dewatered to produce a white water 
stream containing most of the aluminum, whereafter 
the pulp is subjected to oxygen delignif ication . In 
Canadian Patent 1, 110,411 waste paperboard which 
contains wax and resin is re -pulped by immersing it 
in a weak sulphate black liquor at a temperature of 
150 to 200°F. to produce def iberization of the waste 
and separation of wax and resins from the fibers. 

Paperboard is itself typically produced 
from virgin pulp. The production of virgin pulp 

involves reacting or cooking wood chips with an 
al kaline cooking 1 iquor at an elevated temperature . 
The cooking liquor may be a kraft, soda, alkali, 
sulfite or polysulfide cooking liquor, or a modifica- 
tion thereof, for example an anthraquinone modified 
cooking liquor. The pulp yield depends on the 

pulping conditions including reaction time, tempera- 
ture, liquor type and chemical dosage, and can be as 
low as 50% to as high as 85%. 

Lignin is a component of the woodchips 
which is dissolved by the cooking liquor in the 
manufacture of cellulose pulp. The character of the 
pulp produced is dependent on the extent of lignin 
removal from the woodchips, and hence on the residual 
lignin content of the final pulp. 

The kappa number represents a measure of 
residual lignin content. Higher kappa numbers 

indicate higher residual lignin levels. 
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The kappa number of a brownstock pulp 
obtained from cooking softwood in a kraft liquor is 
(}> typically 50 to 100, and such a pulp is used for 

making linerboard of corrugated paperboard. The 
kappa number of a brownstock pulp obtained from 
tS * cooking hardwood in a kraft liquor is typically 130 

to 160, and such a pulp is used for making the 
corrugated medium of corrugated paperboard. 

The kappa number of a hardwood brownstock 
(\ pul_P would need to be reduced to about 10 to 15, and 

9 „ * — that of a softwood brownstock to about 25 to 35 to 

% provide a pulp suitable for bleaching to produce 

\*J white paper products. 

Q Corrugated paperboard waste comprising 

_ l& linerboard and corrugating medium has a kappa number 

of 80 to 120. 

s Reject pulp from pulping processes and 

other waste paper products such as old newsprint and 
used cardboard also represent a similar disposal 
M problem. 

SUMMARY OF THE INVENTION 

It is an object of the invention to 
provide a process and apparatus for recycling waste 
paper and pulp including paperboard, especially 
corrugated paperboard. 

It is a further object of this inventon to 
provide recycled paperboard, especially recycled 
corrugated paperboard . 

It is still a further object of this 
invention to provide such a process and apparatus in 
which energy and chemical values are recovered, and, 
in particular, are recovered and exploited within the 
process . 
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It is still a further object of this 
invention to provide a recycled pulp, and a process 
and apparatus for its production , from waste paper 
products and reject pulp, for example paperboard, 
which recycled pulp has a lower kappa number than 
that of the waste and which can be employed as the 
sole pulp in paper product manufacture. 

It is yet another object of this invention 
to provide such a process and apparatus to produce a 
recycled pulp of low kappa number suitable for 
bleaching to produce white paper products. 

In accordance with the invention, a 
process for recycling waste cellulosic material, for 
example paper product or pulp, produces a cellulosic 
pulp and permits recovery of energy and chemical 
values which can be exploited in the process. 

The process comprises digesting the waste 
cellulosic material in an aqueous cooking liquor at 
an elevated temperature to effect delignif icat ion and 
produce a brownstock containing a cellulosic pulp and 
spent liquor, in which the cellulosic pulp has a 
kappa number lower than that of the waste paper 
product or pulp. 

The brownstock is washed to produce a 
brownstock pulp and a brownstock washing liquor, 
which washing liquor contains inorganic chemicals and 
combustible organic substances formed during the 
digesting . 

The washed brownstock pulp is recovered 
for use in paper product manufacture; and at least 
part of the brownstock washing liquor is concen- 
trated, for example by evaporation, to produce a 
concentrate. The organic substances in the concen- 
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trate are combusted with production of heat energy 
which is recovered, and inorganic chemical values are 
produced from the inorganic chemicals which values 
are also recovered. The recovered heat energy can be 
used as a source of heat for the cooking liquor to 
produce the required elevated temperature, and the 
inorganic chemical values provide a chemical source 
for use in preparation of the cooking liquor . 



liquor comprises a kraft white liquor component 
containing sodium hydroxide and sodium sulfide and a 
kraft black liquor component containing organic wood 
residues and inorganic chemicals; and a portion of 
the brownstock washing liquor which is derived from 
the cooking liquor is cycled to form part of the 
black liquor component.. The kraft black liquor 

component essentially acts as a diluent for the 
active white liquor component, providing part of the 
water needs of the white liquor component ; at the 
same time the black liquor component may contain 
residual or unused chemicals useful in the 
delignif i cat ion . 

In a particular embodiment the waste 
cellulosic material is waste paperboard. 

The inorganic chemicals in the brownstock 
Washing liquor are, when the cooking liquor comprises 
kraft liquor, sodium carbonate and sodium sulfate; 
during combustion of the organic substances in the 
concentrate of the brownstock washing liquor, the 
sodium sulfate is reduced to sodium sulfide to form a 
molten mass of sodium sulfide and sodium carbonate , 
which can be dissolved in water to form a green 
liquor which when reacted with quicklime to convert 



In a particular embodiment the cooking 
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the sodium carbonate to sodium hydroxide with pre- 
cipitation of calcium carbonated-fee — l ea ve a white 
liquor of sodium sulfide and sodium hydroxide, which 
can be cycled to the digesting step as white liquor 
component . 

It is found that the product brownstock 
pulp of lower kappa number is superior to the re- 
pulped waste in strength and bonding characteristics 
in paper product manufacture. 

In particular the product brownstock pulp 
4 (2> has a kappa number at least 2 0 below the kappa number 

of the waste pulp and a significant improvement is 
obtained in strength characteristics. 

Thus the process of the invention provides 
for recycling of a waste paper product or reject pulp 
to provide a pulp of superior character as compared 
with prior recycled pulps from waste, and permits 
recovery of energy and chemical values which can be 
exploited in the recycling process. 

The invention in another aspect provides 
the recycled pulp of improved characteristics, 
produced by the process of the invention. 

The invention in yet another aspect 
provides an installation specially adapted for 
carrying out the process in preferred embodiments. 
The installation includes a re-pulper, pulp dewater- 
ing means, a digester, a brownstock washer, a fur- 
nace, heat recovery means and appropriate connecting 
lines . 

A particular advantage of the process of 
the invention is that it can be carried out 
efficiently using old kraft mill equipment which is 
no longer efficient when used in the manufacture of 
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virgin pulp from wood chips. The shorter treatment 
time and lesser amount of cooking liquor required in 
the process of the invention as compared with pro- 
duction of virgin pulp from wood chips enable such 
old kraft mill equipment to be exploited efficiently 
and economically. In particular the cooking liquor 
requirement in the process of the invention is about 
55 to 65% , more usually about 60% of the requirement 
for producing virgin pulp from wood chips; it will be 
understood that the cooking liquor requirement also 
depends on the kappa number value required in the 
pulp product . 

The invention is especially suited for 
recycling paperboard, especially corrugated paper- 
board having a kappa number of 80 to 120 from which 
there is produced by the process of the invention a 
recycled brownstock pulp having a kappa number of 40 
to 60, suitable for brown products, or a recycled 
pulp having a kappa number of 15 to 30 , preferably 2 0 
to 25, suitable for bleaching to produce white paper 
products . 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic illustration of an 

installation for producing recycled paper products. 

DESCRIPTION OF PREFERRED EMBODIMENTS WITH 
REFERENCE TO THE DRAWINGS 

With further reference to Fig . 1 , an 
installation 10 for producing recycled paper products 
includes a waste paperboard recycling assembly 12 and 
a paper production assembly 14. 

Waste paperboard recycling assembly 12 
includes a dry pulper 16, a pulp vessel 18, a clean- 
ing unit 2 0 and a press 2 2 . 
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Assembly 12 further includes a pulp vessel 
24, a digester 26, a blow tank 28, a brownstock washer 
30, a pulp storage vessel 32, a furnace unit 88 having 
a reaction chamber 67 and a boiler 68 and a reactor 
unit 94. 

A line 34 from dry pulper 16 removes 
contaminants separated from the paperboard during the 
so-called dry pulping; and a line 3 6 connects dry 
pulper 16 with pulp vessel 18 for flow of the pulp. 

A line 38 connects pulp vessel 18 and 
cleaning unit 20. Cleaning unit 20 has a line 40 for 
V: removal of contaminants. 

IP A line 42 connects cleaning unit 2 0 and 

press 22 and a line 44 connects press 22 with a wash 
, liquor storage vessel 46. A line 48 connects storage 

J~; vessel 4 6 and pulp vessel 18. Pulp vessel 18 has a 

s water make-up line 50. 

^ A line 52 connects press 2 2 and pulp vessel 

a 24 • 

M A black liquor storage tank 54 has an outlet 

?Z line 58 and a white liquor tank 56 has an outlet line 

60 . Lines 58 and 60 meet in common line 69 for 
delivering black liquor and white liquor into pulp 
vessel 24. ^ 
(X^ A heater 64 is disposed in common line &z 

having a steam line 66 connected to boiler 68 or 
furnace unit. 

A line 70 communicates pulp vessel 24 with 
digester 26. A steam mixer 72 is disposed in line 70 
. and steam mixer 72 has a steam inlet line 74 connected 
to steam line <§Z from boiler 68. 
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A line 76 communicates the digester 26 
with blow tank 28; and a line 78 communicates the 
blow tank 28 with brownstock washer 30, 

A black liquor line 80 communicates the 
brownstock washer 30 with black liquor tank 54. 

A line 82 communicates brownstock washer 
30 with pulp storage vessel 32. Screen 84 is dis- 
posed in line 82 and has an outlet line 86 for 
contaminants . 

Black liquor tank 54 is connected by line 
89 to concentrator 90, and a concentrate line 87 
connects concentrator 90 to the reaction chamber 67 
of f nrn^P nn i r ft ft Reactor unit 94 for producing 

white liquor has a green liquor tank 92 , a first 
reactor 93 and a second reactor 95. A line 96 

connects reaction chamber 67 of furnace unit 88 with 
green liquor tank 92. A white liquor line 98 com- 
municates second reactor 95 of reactor unit 94 with 
white liquor tank 56. 

A blow heat recovery line 100 extends from 
blow tank 28 and may optionally provide heat to 
boiler 68. 

Paper production assembly 14 includes a 
bleach plant 102 and a paper machine 104. A screen 
106 is disposed in a line 108 between bleach plant 
102 and paper machine 104; and line 110 provides for 
removal of contaminants separated in screen 106. 

It will be understood that bleach plant 
102 is optional and the cellulosic pulp in vessel 32 
can be employed directly in paper product manufacture 
in machine 104. 
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The recycling operation illustrated in Fig. 
1 is now more particularly described by reference to 
the recycling of waste corrugated paperboard, which 
paperboard particularly comprises a pair of opposed 
linerboards with a corrugated medium sandwiched there- 
between. Such paperboard may be soiled as a result of 
use and additionally may have ink printing thereon, as 
well as polymer surface coatings on the linerboard, 
adhesive between the corrugated medium and the liners, 
metal and plastic attachments and paper and plastic 
tape. The waste corrugated paperboard is fed to dry 
pulper 16 which breaks the paperboard down to a pulp of 
fibers and separates the fibers from non-fiber 
contaminants, for example, metal components and plastic 
tape. Although referred to as "dry pulping", water is 
used whereby an aqueous fibre pulp having a solids 
content, by weight, of 2 0 to 30% is produced in pulper 
16. Separated non-fiber components, become dislodged 
from the paperboard in pulper 16 and are removed 
through line 34 . 

The pulped waste is fed through line 3 6 to 
pulp vessel 18 and water is introduced through line 50 
to produce an aqueous pulp mix having a solids content 
typically of 3 to 4%, by weight. Suitably the mix is 
gently stirred in vessel 18 to separate further non- 
wood contaminants from the paperboard. The aqueous 
pulp mix is fed from vessel 18 along line 3 8 to 
cleaning unit 2 0 which may typically include a screen 
unit and a separate centrifuge vessel. Fine 
contaminants are removed from the pulp mix through the 
openings of the screen unit whereafter the pulp mix is 
delivered to the centrifuge vessel where layer 
contaminants are removed as the dense fraction 
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developed in the centrifuge vessel. The contaminants 
are removed through line 40. The aqueous mix is 
transported from cleaning vessel 2 0 to press 22 through 
line 42. Press 22 may, for example, be a screw press 
in which the aqueous mix is dewatered, under a pressing 
action. The water pressed from the pulp mix in press 
22 flows along line 44 to waste liquor storage vessel 
4 6 from which water may be cycled through line 48 to 
meet the water requirement in pulp vessel 18. Make-up 
water is fed to vessel 18 through line 50. 
Contaminants settling in storage vessel 4 6 may be 
removed through a sewer line. 

The wet, pressed pulp product in press 2 2 is 
delivered through line 52 to pulp vessel 24 and a mix 
of black liquor and white liquor is fed through line 62 
into vessel 24 to provide a wet pulp product having a 
solids content typically of 30 to 40%, more especially 
about 35% by weight. 

The black liquor from black liquor tank 54 
is fed to line 69 along line 58 and the white liquor in 
line 69 is fed. along line 60 from white liquor tank 56. 
The liquor in line 69 is heated to an elevated 
temperature, typically 80 to 90°C. The heat in heater 
64 is provided by steam line 66 from boiler 68. 

The liquor in line 62 serves to transport 
the pulp from vessel 24 into line 70 and reduces the 
solids content to about 10 to 25%, by weight. 

The aqueous pulp mix in vessel 24 is 
transported through line 70 to digester 2 6 by the 
liquor from line 62. The mix in line 70 passes through 
the steam mixer 72 in which the temperature is raised 
to a temperature of about 160 to 18 0°C. 
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The steam for steam mixer 72 is fed from boiler 68 
through steam inlet line 74. The direct introduction 
of steam into the hot aqueous pulp in steam mixer 72 
may reduce the solids content of the pulp mix and the 
pulp mix arriving in digester 2 6 has a solids content 
typically of 12 to 18, usually about 15% by weight. 
The pulp is cooked in the cooking liquor in digester 2 6 
at an elevated temperature of 160 to 180°C for a period 
typically about 3cT to 50 minutes, under a saturated 
steam pressure which typically may be 115 psi. The 
cooking in digester 2 6 delignifies the pulp to produce 
a hot brownstock which comprises the brownstock pulp 
and spent liquor which contains dissolved organic 
substances from the pulp and inorganic salt materials 
from the cooking liquor. 

The brownstock is fe£ from digester 2 6 to 
blow tank 28, where the steam pressure is released and 
from which heat is recovered in a hot exhaust from line 
100. The brownstock is fed along line 78 from blow 
tank 28 to brownstock washer 3 0 where it is washed to 
produce a brownstock pulp and a brownstock wash liquor. 
The brownstock wash liquor is fed from brownstock 
washer 3 0 along line 80 to black liquor tank 54 and the 
brownstock pulp is fed along line 82 to pulp storage 
vessel 32. The brownstock pulp in line 82 is screened 
in screen 84 and the contaminants are removed through 
outlet lines 86. 

A major portion of the black liquor in black 
liquor tank 54 is fed along line 89 to concentrator 90. 
Black liquor is concentrated in concentrator 90 by 
evaporation of water typically to a con- 
centration of 55% to 75%, preferably about 65%, 
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and the resulting concentrate is fed along line 87 to 
the reaction chamber 67 of furnace unit 88. Organic 
substances in the concentrate are combusted in 
furnace 88 and the hot exhaust gases generated in the 
combustion heat the water in the integral boiler 68. 
The concentrate particularly contains sodium sulfate 
and sodium carbonate which forms a molten mass in 
reaction chamber 67. The sodium sulfate is reduced 
to sodium sulfide to leave a molten mass of sodium 
sulfide and sodium carbonate in reaction chamber 67. 
The molten mass is delivered from chamber 67 through 

O 

o line 96 to tank 92 where it is dissolved in water to 

%H produce a green liquor. The green liquor is fed to 

first reactor 93 where quicklime, calcium oxide is 

Irai' 

y reacted with the sodium carbonate to produce sodium 

^ hydroxide in a lime mud containing the sodium sulfide 

_ and sodium hydroxide, as well as calcium carbonate. 

O n The lime mud is fed to reactor 9 5 where the calcium 

S carbonate is thermally decomposed to generate calcium 

U oxide which can be recycled to reactor 93. In this 

way a white liquor is produced in reactor 9 5 and fed 
from reactor unit 94 along white liquor line 94 to 
white liquor tank 56. 

Thus the inorganic chemicals produced in 
reaction chamber 67 of furnace 88 are employed as 
chemical values to generate the white liquor used as 
cooking liquor in digester 26, and the heat energy 
developed in furnace 88 is used to generate steam in 
boiler 68 for heater 64 and steam mixer 72. 
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The brownstock pulp in vessel 32 can be 
used as is to produce paperboard products in machine 
104 or can first be bleached in bleach plant 102 to 
remove the lignin and increase the brightness depend- 
ing on the desired paper product. 

EXAMPLES 

The following Examples serve to illustrate 
particular aspects of the invention; in these 
Examples yields and charges are indicated in weight 
% . 

Example 1 

Commercial corrugated waste in the form of 
2"x8" strips was cooked with an alkaline solution 
containing 2.9 g/1 sodium hydroxide and 2.35 g/1 
sodium sulphide. The liquor sulphidity, i.e. ratio 
of sodium sulphide over sodium hydroxide plus half 
sodium sulphide, was 35%. With a liquor to waste 
ratio of 10 to 1, the effective alkali charge, i.e. 
weight of sodium hydroxide plus half sodium sulphide 
over weight of waste material, was 8%. After cooking 
at a temperature of 174°C. for about 30 minutes, 
corresponding to an H-f actor of 500, a pulp yield on 
waste of 76.6% was obtained. The pulp product had a 
kappa number of 45.5, viscosity of 21.4 and #8 
brightness of 25.6. 



Example 2 

As in Example 1, but the cooking of waste 
was carried out for about 1 hour, corresponding to an 
H-f actor of 1500. The pulp yield on waste in this 
case was 72.1% and the pulp product had a kappa 
number of 29.9, a viscosity of 14.9 and a brightness 
of 29.3. 



- 14 - 



IF 



I* 



L 



Example 3 

Corrugated waste as in Examples 1 and 2 
was cooked with an alkaline liquor with a sulphidity 
of 17.2%. The cooking was carried out at 174°C, a 
liquor to waste ratio of 9 to 1, an effective alkalis 
charge of 8% and an anthraquinone charge of 0.04%. 
After about 30 minutes, corresponding to an H-f actor 
of 500, the pulp yield on waste was 72.8% and the 
pulp product had a kappa number of 39.5, a viscosity 
of 18.9 and brightness of 26.0. 

Example 4 

As in Example 3, but the cooking of waste 
was carried out for about 1 hour, corresponding to an 
H-f actor of 1500. The pulp yield on waste in this 
case was 70.2% and the pulp product had a k^ppa 
number of 26.7, a viscosity of 13.8 and a brightness 
of 29.0. 

Example 5 

A commercial corrugated waste was re- 
pulped and cleaned to remove all contaminants from 
waste. The resultant waste had a kappa number of 
91.5, a viscosity of 32.8 and a brightness of 14.8. 
This, waste was then cooked for about 30 minutes, 
corresponding to an H-factor of 500, with an alkaline 
liquor having a sulphidity of 35%, at a temperature 
of 174 C, with a liquor to waste ratio of 7 to 1 and 
an effective alkalis charge of 6%. The cooking 

produced a yield on waste of 81.2%, a pulp having a 
kappa number of 52.8, a viscosity of 24.2 and a 
brightness of 18.4. 
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Example 6 

As in Example 5, but the cooking of waste 
was carried out with an effective alkalis charge of 
8% and for about 1 hour, corresponding to an H-factor 
of 1500. The pulp yield on waste in this case was 
74.8% and the pulp product had a kappa number of 
28. 5, a viscosity of 13.7 and a brightness of 21.7. 

Example 7 

Cleaned corrugated waste as in Examples 5 
and 6 was cooked with an alkaline liquor having a 
sulphidity of 25%, at a temperature of 174°C . with a 
liquor to waste ratio of 7 to 1 and an effective 
alkalis charge of 10% for about 1 hour, corresponding 
to an H-factor of 1400. The cooking produced a yield 
on waste of 74.1%, and a pulp having a kappa number 
of 26.6, a viscosity of 12.3 and a brightness of 
22.5. 

Example 8 

A commercial corrugated waste was re- 
pulped and cleaned to remove all contaminants from 
waste. The resultant waste had a kappa number of 
84.5, a viscosity of 23.4 and a brightness of 18.6. 
This was then cooked with an alkaline liquor having a 
sulphidity of 25%, at a temperature of 174°C. With a 
liquor to waste ratio of 7 to 1, an effective alkalis 
charge of 10% for about 45 minutes, corresponding to 
an H-factor of 1000, the cooking produced a yield on 
waste of 73.9% and the pulp had a kappa number of 
27.2, a viscosity of 12.6 and a brightness of 26.9. 
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Example 9 

As in Example 7, but the cooking of waste 
was carried out with an effective alkalis charge of 
12%. The pulp yield on waste in this case was 71.5% 
and the pulp product had a kappa of 22.0, a viscosity 
of 11 and a brightness of 28.9. 

Example 10 

Pulp at 3% consistency, produced from 
Example 7, was bleached in three stages namely 
D/CEoD. The bleaching chemicals for the first stage 
was a mixture of chlorine (C) and chlorine dioxide 
(D) and the pulp bleaching was carried out at 50°C. 
for 45 minutes. The combined chemical charge was 
equivalent to a total active chlorine (TAC) of 5.32% 
at 50% chlorine/chlorine dioxide substitution. The 
bleached pulp was then extracted at 10% consistency, 
with 4% caustic (E), at 70°C. and in the presence of 
oxygen (o) at 45 psig pressure. The kappa, viscosity 
and brightness of the bleached and extracted pulp 
(D/CEo) was 2.3, 10.9 and 53.8 respectively. The 
subsequent bleaching of the D/CEo pulp with 0 . 5% 
chlorine dioxide at 70°C, for 150 minutes produced a 
D/CEoD pulp having a brightness of 81.9 and a vis- 
cosity of 10.7. 
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Example 11 

Pulp as produced from Example 7 was 
bleached in three stages D/CEoD as in Example 10, but 
with a chlorine dioxide dosage of 1.0% in the third 
stage. The D/CEoD bleached pulp had a brightness of 
84.2 and a viscosity of 9.8. 

Example 12 

Pulp as produced from Example 4 was 
bleached in five stages namely D/CEoDED. The total 
active chlorine TCA was 5.34% and C10 2 substitution 
was 50%. The C1C> 2 dosage in the Dl stage was 0.7%. 
The D/CEoD pulp had a brightness of 85.6 and a 
viscosity of 12.1. The D/CeoD pulp was then extrac- 
ted with 0.4% caustic at 10% consistency and at a 
temperature of 75°C. for 30 minutes. The resultant 
D/CEoDE pulp was then bleached with 0.3% C10 2 in the 
S2 stage at 10% consistency and at a temperature of 
75 C. for 60 minutes. The final D/CEoDED pulp had a 
viscosity of 11.6 and a brightness of 87.9. 



Comparison Example 13 

Cleaned commercial waste as in Example 5 
was oxygen delignified with 100 psig oxygen gas, at 
110 degrees C for about 30 minutes in the presence of 
8% NaOH and 1% MgS04 . The pulp product had a kappa 
of 4 9 and a viscosity of 14 . 2 . Compared with the 
pulp product produced in Example 5 which had a kappa 
of 52.8 and a viscosity of 24.2, the quality, i.e., 
viscosity of the oxygen del ignif ied pul p product was 
clearly inferior. 

Comparison Example 14 

Oxygen del ignif ication similar to that of 
Example 13 was carried out, but the delignif ication 
time was about 50 minutes and the NaOH dosage was 12% 
NaOH . The pulp product had a kappa of 30.5 and a 
viscosity of 8.0. This product was clearly inferior 
to the pulp product of Example 6, which had 28.5 
kappa and 13.7 viscosity. 

Comparison Example 15 

A commercial waste having 85.6 kappa was 

reslushed and the resultant pulp was used to produce 

2 

standard handsheets at 127 g/m basis weight. The 
pulp had a freeness of 570 SCF and the corresponding 
physical properties of the handsheets were a burst 
factor of 20.6, a ring crush of 32.6 lbs, an H&D 
stiffness of 42.8 lbs, and a concora of 28.4 lbs. 

When this waste was cooked according to 

Example 5, the pulp product had a kappa of 50 and its 

2 

freeness remained constant at 570 CSF. The 127 g/m 
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handsheets, made with this pulp product had a burst 
factor of 31,9, a ring crush of 45-6 lbs, an H&D 
stifness of 64*6 lbs and a concora of 46.2 lbs. 

It is clear from this Comparison Example 
that when comparing papers made with the reslushed 
commercial waste and papers made with the same waste 
treated according to Example 5, the papers of Example 
5 are found to be much stronger and most strength 
properties were increased by at least 50%. 

Example 16 

The black liquor produced from Example 7 
was dried overnight at 100 degrees C, to obtain a 
|p solid. Through analytical methods, this solid 

byproduct was found to have a high heating value of 
|~G> about 6000 BTU/lbs. 
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1. A process for recycling waste cellulosic 

material to produce a cellulose fiber pulp and 
recover energy and chemical values, comprising the 
stepje of : ( ^ 

i) \ digesting waste qellulosic material in an 
aqueoufe cooking liquor at an elevated temperature to 
effect \a delignif ication of cellulose fibers in said 
cellulosVc material and produce a brownstock of a 
delignif red cellulosic pulp and spent liquor , said 
delignifiAd pulp having a kappa number lower than 
that of sa\d cellulosic material , 

ii) gashing the brownstock to produce a washed 
brownstock ancj a brownstock washing liquor 

ic chemicals derived from said 
Ing the digesting in step i) , and 
substances formed during the 



containing 
cooking liqu 
combustible 
digesting in 

iii) \ sepj 
the browns 

iv) r 



>rgai 



iu] 



inxc 



i) 



iratinc 



the washed brownstock pulp from 
ng liquor, 
ovenXig said washed brownstock pulp, 

v) concentrating at least a portion of the 
brownstock washing licjuor from step iii) to produce a 
concentrate , 

vi) reacting saiV concentrate to combust said 
combustible organic substances in said concentrate to 
produce heat energy and produce inorganic chemical 
values , 

vii) recovering the f^at energy in step vi ) , 
and 

viii) recovering said inoVganic chemicals 
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2 .\ A process according to claim 1, wherein 

said aqueous cooking liquor in step i) comprises a 
kraft white liquor component and a kraft black liquor 
component, and said inorganic chemical values in step 
viii) comprise sodium sulfide and sodium carbonate 
and including generating white liquor from said 
inorganic^ chemical values. 

3. \A process according to claim 2, wherein a 

portion of \ said brownstock washing liquor in step 
iii) is cyclied to sa-i-d aqueous cooking liquor to form 
a part of sai\d black /liquor component and the remain- 
ing black li^upr /Component is from a kraft pulp 
process . 



ssc 



:ess 

said elevatied^ temroerat 



least in pa 
step vii) 

5. 



fro* 



iccording to claim 3, wherein 
tre in step i) is developed, at 
said heat energy recovered in 



process \according to claim 4, wherein 
the generating of whi\te liquor comprises dissolving 
said sodium sulfide anc^l sodium carbonate , recovered 
as a molten mass, in\ water, to produce a green 
liquor, reacting the green liquor with quicklime to 
generate sodium hydroxioe and produce a lime mud 
containing calcium carbonaNte, thermally decomposing 
the calcium carbonate toy produce quicklime and 
cycling the formed white libuor to step i), as at 
least part of said white liquor component. 
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6 *\ A Process according to claim 5, wherein 

said waste cellulosic material comprises paperboard, 
and including, prior to step i), the steps of: 

a ) re-pulping said paperboard to produce 
an aqueous paperboard pulp, 

b ) separating non-wood contaminants from 
said paperboard pulp, and 

c ) dewatering the aqueous pulp from step 

b) 

7 - \ process according to claim 6, wherein 

said elevate© temperature in step i) is in the range 
of 150°C. to V80°C. 

8 * A piocess^ccording to claim 7, wherein 

said waste papeAbo^rd ha^ a kappa number of 80 to 120 
and said digesting ipf step i) is carried out to 
provide a browr^thk^pxjtl^p in step iv) having a kappa 
number in the ranA of 4o\o 60. 

9* \ A process \aer6or ding to claim 7, wherein 

said waste ^papex begrd has a kappa number of 80 to 120 
and said digesting in\ step i) is carried out to 
provide a brownstock pulp in step iv) having a kappa 
number of 2 0 to 25. \^ 

10 • A process according to claim 9, including 

subjecting said brownstock pulp recovered in step iv) 
to a chemical bleaching operation to produce a 
delignified pulp for white papier products. 



11 • A process according to claim 8, wherein 

said paperboard is corrugated paperboard. 
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12. \ 



A process according to claim 1, wherein 



said\ cellulosic material comprises old newsprint. 

13. \ A process according to claim 1, wherein 
said cellulosic material comprises reject pulp. 



14. \ A recycled pulp having a kappa number in 

the range ^0 to 60 produced by the process of claim 
8. 



15. A bleachable recycled pulp having a kappa 

number in the \ange 20 to^3^ produced by the process 
of claim 9. 



16. A blea* 

claim 10. 



ied pj&lp produced by the process of 



installation 



for recycling waste 
uce a cellulose fiber pulp 
hemical values comprising: 
eV means for waste cellulosic 



17. An 
cellulosic ma^eri^l 
and recover en^rq^ arid 
i) cb-^re-pulp 

material, 

ii) dewatering \means for dewatering an 
aqueous pulp, 

iii) a digester f or\ delignif y ing waste pulp 
to a delignified pulp having a kappa number lower 
than that of the waste pulp, 

iv) a brownstock washer, 
v) a first line means for 'feeding re- 
pulped paperboard from said re-pulper means i) to 
said dewatering means ii), 
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vi) a second ^line means for feeding de- 
watfered pulp from said dewatering means ii) to said 
digester iii ) , 

vii) a third line means for feeding cooking 
liqud^r to said digester iii), 

viii) a fourth line means for feeding a 
brownstock from said digester iii) to said brownstock 
washer \v) , 

ix) a fifth line means for removing washed 
pulp froi\i said brownstock washer iv), 

x) a sixth line means for removing brown- 
stock wasning liquor from said brownstock washer iv), 



A) 



iac< 



means for combusting organic 
/iquor removed by said sixth line 
sloping inorganic chemical values, 
energy recovery means for recover- 
e/ej^&y developed in said furnace means xi) , 



the 
de^ 



-ii) 

liqueur from s< 



>r means for generating cooking 
inorganic values . 



18, An installation according to claim 17, in 

which said third \line means communicates with said 
second line means\ such that the aqueous cooking 
liquor in said tkird line means transports the 
dewatered pulp in sa\Ld second line means. 



19. An installation according to claim 17, 

including heat transfeV means to transfer heat energy 
from said heat energy ^recovery means, to the aqueous 
cooking liquor. 
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20. An \installation according to claim 17, 

including seventh line means communicating said furnace 
means and said\ redjzrfior means for delivering the 
inorganic chemica^ /r^lues from said furnace means to 
said reactor means 




21. An in|sjta^lati6n according to claim 20, 

including a corK^entj2a£or for concentrating washing 
liquor removed by said sixth line means, and eight line 
means connecting said concentrator to said furnace, 
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U*' \. ABSTRACT flf. ^SG^S***- 



"Recycling Waste Cellulosic Material"^ 



Waste cellulosic material, for example 
corrugated paperboard is cooked in an aqueous alka- 
line cooking liquor to produce a brownstock pulp 
having a kappa number lower than that of the waste 
material; combustion of organic materials in the 
brownstock washing liquor provides heat energy which 
can be recovered for use in the cooking process and 
residual inorganic chemicals of the liquor can be 
employed to prepare fresh cooking liquor; the re- 
cycled pulp can be employed as the sole pulp com- 
ponent of brown paper products, or can be bleached to 
provide a pulp for white paper products . 
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ABSTRACT 



Waste cellulosic material, for example corrugated pa- 
perboard is cooked in an aqueous alkaline cooking li- 
quor to produce a brownstock pulp having a kappa 
number lower than that of the waste material; combus- 
tion of organic materials in the brownstock washing 
liquor provides heat energy which can be recovered for 
use in the cooking process and residual inorganic chem- 
icals of the liquor can be employed to prepare fresh 
cooking liquor; the recycled pulp can be employed as 
the sole pulp component of brown paper products^pr) 
can be bleached to provide a pulp for white paper prod- 
ucts. 

13 Claims, 1 Drawing Sheet 
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stock pulp obtained from cooking hardwood in a kraft 

RECYCLING WASTE CELLULOSIC MATERIAL liquor is typically 130 to 160, and such a pulp is used for 

WITH SODIUM SULPHIDE DIGESTION making the corrugated medium of corrugated paper- 
board. 

BACKGROUND OF THE INVENTION 5 The kappa number of a hardwood brownstock pulp 

i) Field of the Invention would need to be reduced to about 10 to 15, and that of 
This invention relates to a process and apparatus for a softwood brownstock to about 25 to 35 to provide a 

recycling waste cellulosic material including paper- pulp suitable for bleaching to produce white paper 

board to produce a cellulose fiber pulp, and to a cellu- products. 

lose fiber pulp so produced; the invention is especially 10 Corrugated paperboard waste comprising linerboard 

concerned with recycling waste corrugated paper- and corrugating medium has a kappa number of 80 to 

board. 120. 

ii) Description of Prior Art Reject pulp from pulping processes and other waste 
Paperboard, including corrugated paper-board, is paper products such as old newsprint and used card- 
widely used in packaging; millions of tons of used pa- 15 board,also represent a similar disposal problem, 
perboard are discarded annually, and more than 70% of 

such discarded waste in Canada goes to landfill sites. SUMMARY OF THE INVENTION 

Processes have been proposed to recycle at least a It is an object of the invention to provide a process 
portion of such waste paperboard primarily for use with ^ apparatus f or recycling waste paper and pulp in- 
virgin pulp. Prior processes involve cleaning to remove ™ cIuding paperboard, especially corrugated paperboard. 
non-wood contaminants and re-pulping to form a it is a further object of this invention to provide recy- 
brownstock which is then mixed with virgin pulp for M e^aHy reC y C led corrugated paper- 
making linerboard or corrugating medium for use in board 

corrugated 1 paperboard. It is still a further obiect of this invention to provide 

The quality of the re-pulped fibers is lower than that 25 , j ♦ • u ™™, 
of comparable virgin pulp fibers and thus it is usual to s » ch a f™ 688 *> d a PP aratu f in 7 hich * ner f and 
use the re-pulped fibers only in admixture with higher chemical values are recovered, and, in particular, are 
quality virgin fibers, or to employ chemical additives recovered and exploited within the process, 
such as resin or starch to compensate for the inferior 11 15 stl11 a further <*J«* of thls invention to provide 
quality of the re-pulped fibers. The inferior quality of 30 a recycled pulp, and a process and apparatus for its 
re-pulped fibers as compared with comparable virgin production, from waste paper products and reject pulp, 
pulp fibers arises from the processing to which the fi- for example paperboard, which recycled pulp has a 
bers were subjected during the original paperboard lower kappa number than that of the waste and which 
manufacture, and also to aging in the paper product. can be employed as the sole pulp in paper product man- 
In U.S. Pat. No. 4,737,238 recycling of waste paper 35 ufacture. 
containing aluminum is described in which an aqueous It is yet another object of this invention to provide 
pulp suspension of the waste paper is screened and then such a process and apparatus to produce a recycled pulp 
de watered to produce a white water stream containing of low kappa number suitable for bleaching to produce 
most of the aluminum, whereafter the pulp is subjected white paper products. 

to oxygen delignification. In Canadian Patent 1,1 10,41 1 40 T n accordance with the invention, a process for recy- 
waste paperboard which contains wax and resin is re- . cling waste cellulosic material, for example paper prod- 
pulped by immersing it in a weak sulphate black liquor uct or pu i Pj produces a cellulosic pulp and permits 
at a temperature of 150° to 200° F. to produce defiber- recovery of energy and chemical values which can be 
ization of the waste and separation of wax and resins exploited in the process. 

from the fibers. 45 ^he process comprises digesting the waste cellulosic 

Paperboard is itself typically produced from virgin mat erial in an aqueous cooking liquor at. an elevated 

pulp. The production of virgin pulp involves reacting temperature to effect delignification and produce a 

or cooking wood chips with an alkaline cooking liquor brownstock containing a cellulosic pulp and spent ii- 

at an elevated temperature. The cooking liquor may be in whkh the puJp has a kappa number 

a kraft, soda alkali, sulfite or polysulfide cooking li- 50 lower ^ ^ of ^ ^ ^ Qf { 

quor, or a modification thereof, for example an anthra- ^ brownstock fa washed t0 a br0 wnstock 

quinone modified cooking liquor. The pulp yield de- brownstock washing liquor, which washing 

pends on the pulping conditions including reaction * * ^ chemicals ^ ^^Me 

time, temperature, liquor type and chemical dosage, and M . ® jj * 

_ I oc Vl„, oc l n 2 _ l: ^ oc fiW e « organic substances formed during the digesting. 

can be as low as 50% to as men as 85%. 55* , . , r . F 

Lignin is a component of The woodchips which is ™* w *\ hed brownstock pulp is recovered for use ui 

dissolved by the cooking liquor in the manufacture of P ro ? uct manufacture; and at least part of the 

cellulose pulp. The character of the pulp produced is brownstock washing liquor is concentrated, forexam- 

dependent on the extent of lignin removal from the P Ie b V evaporation, to produce a concentrate. The or- 

woodchips, and hence on the residual lignin content of 60 B^nic substances m the concentrate are combusted with 

the final pulp. production of heat energy which is recovered, and 

The kappa number represents a measure of residual inorganic chemical values are produced from the inor- 

lignin content. Higher kappa numbers indicate higher ganic chemicals which values are also recovered. The 

residual lignin levels. recovered heat energy can be used as a source of heat 

The kappa number of a brownstock pulp obtained 65 for the cooking liquor to produce the required elevated 

from cooking softwood in a kraft liquor is typically 50 temperature, and the inorganic chemical values provide 

to 100, and such a pulp is used for making linerboard of a chemical source for use in preparation of the cooking 

corrugated paperboard. The kappa number of a brown- liquor. 
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In a particular embodiment the cooking liquor com- kappa number of 80 to 120 from which there is pro- 
prises a kraft white liquor component containing so- duced by the process of the invention a recycled brown- 
dium hydroxide and sodium sulfide and a kraft black stock pulp having a kappa number of 40 to 60, suitable 
liquor component containing organic wood residues for brown products, or a recycled pulp having a kappa 
and inorganic chemicals; and a portion of the brown- 5 number of 15 to 30, preferably 20 to 25, suitable for 
stock washing liquor which is derived from the cooking bleaching to produce white paper products, 
liquor is cycled to form part of the black liquor compo- r>T?cpp tptioim op hpawimpa 
nent. The kraft black liquor component essentially acts BRIEF INSCRIPTION OF DRAWINGS 
as a diluent for the active white liquor component, FIG. 1 is a schematic illustration of an installation for 
providing part of the water needs of the white liquor 10 producing recycled paper products, 
component; at the same time the black liquor compo- nrcrDiDnnxT rw: oDEccDDm 
nent may contain residual or unused chemicals useful in ^ m ,^^7^^^}^,?^J^I^^^^ 
the delineation. EMBODIMENTS WITH REFERENCE TO THE 

In a particular embodiment the waste cellulosic mate- DRAWINGS 

rial is waste paperboard. 15 With further reference to FIG. 1, an installation 10 

The inorganic chemicals in the brownstock washing for producing recycled paper products includes a waste 

liquor are, when the cooking liquor comprises kraft paperboard recycling assembly 12 and a paper produc- 
. liquor, sodium carbonate and sodium sulfate; during . tion assembly 14. 

combustion of the organic substances in the concentrate Waste paperboard recycling assembly 12 includes a 

of the brownstock washing liquor, the sodium sulfate is 20 dry pulper 16, a pulp vessel 18, a cleaning unit 20 and a 

reduced to sodium sulfide to form a molten mass of press 22. 

sodium sulfide and sodium, carbonate, which can be Assembly 12 further includes a pulp vessel 24, a di- 

dissolved in water to form a green liquor which when gester 26, a blow tank 28, a brownstock washer 30, a 

reacted with quicklime to convert the sodium carbonate pulp storage vessel 32, a furnace unit 88 having a reac- 

to sodium hydroxide with precipitation of calcium car- 25 tion chamber 67 and a boiler 68 and a reactor unit 94. 

bonate leaves a white liquor of sodium sulfide and so- A line 34 from dry pulper 16 removes contaminants 

dium hydroxide, which can be cycled to the digesting separated from the paperboard during the so-called dry 

step as white liquor component. pulping; and a line 36 connects dry pulper 16 with pulp 

It is found that the product brownstock pulp of lower vessel 18 for flow of the pulp; 

kappa number is superior to the re-pulped waste in 30 . A line 38 connects pulp vessel 18 and cleaning unit 

strength and bonding characteristics in paper product 20. Cleaning unit 20 has a line 40 for removal of contam- 

manufacture. inants. - 

In particular the product brownstock pulp has a A line 42 connects cleaning unit 20 and press 22 and 

kappa number at least 20 below the kappa number of the a line 44 connects press 22 with a wash liquor storage 

waste pulp and a significant improvement is obtained in 35 vessel 46. A line 48 connects storage vessel 46 and pulp 

strength characteristics. vessel 18. Pulp vessel 18 has a water make-up line 50. 

Thus the process of the invention provides for recy- A line 52 connects press 22 and pulp vessel 24. 

cling of a waste paper product or reject pulp to provide A black liquor storage tank 54 has an outlet line 58 

a pulp of superior character as compared, with prior and a white liquor tank 56 has an outlet line 60. Lines 58 

recycled pulps from waste, and permits recovery of 40 and 60 meet in common line 69 for delivering black 

energy and chemical values which can be exploited in liquor and white liquor into pulp vessel 24. 

the recycling process. A heater 64 is disposed in common line 69 having a 

The invention in another aspect, provides the recy- steam line 66 connected to boiler 68 or furnace unit, 

cled pulp of improved characteristics, produced by the A line 70 communicates pulp vessel 24 with digester 

process of the invention. 45 26. A steam mixer 72 is disposed in line 70 and steam 

The invention in yet another aspect provides an in- mixer 72 has a steam inlet line 74 connected to steam 

stallation specially adapted for carrying out the process line 66 from boiler 68. 

in preferred embodiments. The installation includes a A line 76 communicates the digester 26 with blow 

re-pulper, pulp dewatering means, a digester, a brown- tank 28; and a line 78 communicates the blow tank 28 
stock washer, a furnace, heat recovery means and ap- 50 , with brownstock washer 30. 

propriate connecting lines. A black liquor line 80 communicates the brownstock 

A particular advantage of the process of the inven- washer 30 with black liquor tank 54. 
tion is that it can be carried out efficiently using old A line 82 communicates brownstock washer 30 with 
kraft mill equipment which is no longer efficient when . pulp storage vessel 32. Screen 84 is disposed in line 82 
used in the manufacture of virgin pulp from wood 55 and has an outlet line 86 for contaminants, 
chips. The shorter treatment time and lesser amount of Black liquor tank 54 is connected by line 89 to con- 
cooking liquor required in the process of the invention centrator 90, and a concentrate line 87 connects concen- 
as compared with production of virgin pulp from wood " trator 90 to the reaction chamber 67 of furnace jujk. 88. 
chips enable such old kraft mill equipment to be ex- Reactor unit 94 for producing white liquor has a green 
ploited efficiently and economically. In particular the 60 liquor tank 92, a first reactor 93 and a second reactor 95. 
cooking liquor requirement in the process of the inven- A line 96 connects reaction chamber 67 of furnace unit 
tion is about 55 to 65%' f more usually about 60% of the 88 with green liquor tank 92. A white liquor line 98 
requirement for producing virgin pulp from wood communicates second reactor 95 of reactor unit 94 with 
chips; it will be understood that the cooking liquor white liquor tank 56. 

requirement also depends on the kappa number value 65 A blow heat recovery line 100 extends from blow 

required in the pulp product. tank 28 and may optionally provide heat to boiler 68. 

The invention is especially suited for recycling paper- Paper production assembly 14 includes a bleach plant 

board, especially corrugated paperboard having a 102 and a paper machine 104. A screen 106 is disposed 
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in a line 108 between bleach plant 102 and paper ma- which the temperature is raised to a temperature of 

chine 104; and line 110 provides for removal of contami- about 160° to 180° C. The steam for steam mixer 72 is 

nants separated in screen 106. fed from boiler 68 through steam inlet line 74. The 

It will be understood that bleach plant 102 is optional direct introduction of steam into the hot aqueous pulp in 

and the cellulosic pulp in vessel 32 can be employed 5 steam mixer 72 may reduce the solids content of the 

directly in paper product manufacture in machine 104. p U ip mix and the pulp mix arriving in digester 26 has a 

The recycling operation illustrated in FIG. 1 is now solids content typically of 12 to 18, usually about 15% 
more particularly described by reference to the recy- by we ight. The pulp is cooked in the cooking liquor in 
cling of waste corrugated paperboard, which paper- digester 26 at an elevated temperature of IfYV-fn 18Q1C 
board particularly comprises a pair of opposed liner- 10 f or a period typically ab out 30 to 50 mi nutes, under a 
boards with a corrugated medium sandwiched therebe- saturated steam pressure which typically may be 115 
tween. Such paperboard may be soiled as a result of use psi cooking m digester 26 deligmfies the pulp to 
and additionally may have ink printing thereon, as well pro duce a hot brownstock which comprises the brown- 
as polymer surface coatings on the linerboard, adhesive stQck pulp ^ spent Uquor which conta i n s dissolved 
between the corrugated medium and the liners, metal 15 ^ subs tances from the pulp and inorganic salt 
and plastic attachments and paper and plastic tape. The materia ls from the cooking liquor, 
waste corrugated paperboard is fed to dry pulper 16 ^ brownstock is fed from digester 26 to blow tank 
which breaks the paperboard down to a pulp of fibers where ^ steam ure is released and from whicn 
and separates the fibers from non-fiber contaimnants, fa recovered fa a hot exhaust from line 100 . 
for exampte, metal components and plastic tape. Al- 20 brownstQck ^ fed ^ line 78 from b]ow ^ M to 

though referred to as ;^ypuW ■ ^con^nf brownstock washer 30 where it is washed to produce a 

whereby an ^ a solids^ content, brownstock and browmtock wash liquor . ^ 

by weight of 20 to 30% ^ produced m pulpe ' l"epa- was h liquor is fed from brownstock washer 

rated non-fiber components, become dislodged from the * i„. rtW „ 

paperboard in pulper 16 and are removed through line 25 30 along line 80 to black liquor tank 54 and the brown- 

^ K v r stock pulp is fed along line 82 to pulp storage vessel 32. 

The pulped waste is fed through line 36 to pulp vessel The brownstock pulp in line 82 is screened in screen 84 

18 and water is introduced through line 50 to produce and the contaminants are removed through outlet lines 

an aqueous pulp mix having a solids content typically of 86. 

3 to 4%, by weight. Suitably the mix is gently stirred in 30 A major portion of the black liquor in black liquor 

vessel 18 to separate further non-wood contaminants tank 54 is fed along line 89 to concentrator 90. Black 

from the paperboard. The aqueous pulp mix is fed from liquor is concentrated in concentrator 90 by evapora- 

vessel 18 along line 38 to cleaning unit 20 which may tion of water typically to a concentration of 55% to 

typically include a screen unit and a separate centrifuge 75%, preferably about 65%, and the resulting concen- 

vessel. Fine contaminants are removed from the pulp 35 trate is fed along line 87 to the reaction chamber 67 of 

mix through the'openings^of the screen unit whereafter furnace unit-88. Organic substances in the concentrate 

the pulp mix is delivered to the centrifuge vessel where are combusted in furnace 88 and the hot exhaust gases 

layer contaminants are removed as the dense fraction generated in the combustion heat the water in the inte- 

developed in the centrifuge vessel. The contaminants gra l boiler 68. The concentrate particularly contains 

are removed through line 40. The aqueous mix is trans- 40 sodium sulfate and sodium carbonate which forms a 

ported from cleaning vessel 20 to press 22 through line molten mass in reaction chamber 67. The sodium sulfate 

42. Press 22 may, for example, be a screw press in which \ % reduced to sodium sulfide to leave a molten mass of 

the aqueous mix is dewatered, under a pressing action. sodium sulfide and sodium carbonate in reaction cham- 

The water pressed from the pulp mix in press 22 flows ^ 57 j^q mo lten mass is delivered from chamber 67 

along line 44 to waste liquor storage vessel 46 from 45 through line 96 to tank 92 where it is dissolved in water 

which water may be cycled through line 48 to meet the to pro d UC e a green liquor. The green liquor is fed to first 

water requirement in pulp vessel 18. Make-up water is reactor 93 where quicklime, calcium oxide is reacted 

fed to vessel 18 through line 50. Contaminants settling with the carbonate to produce sodium hydrox- 

in storage vessel 46 may be removed through a sewer ide in fl lime mud con taining the sodium sulfide and 

line - . 50 sodium hydroxide, as well as calcium carbonate. The 

The wet, pressed pulp product in press 22 is delivered ^ mu(J ^ fed tQ feactor 95 where the ca]cium 

through line 52 to pulp vessel 24 and a mix of black ^ thermalI decomposed to generate calcium oxide 

liquor and white liquor is fed through line 62 into vessel whid) ^ e d ^ reactor ^ Jn ^ fl ^ 

24 to provide a wet pulp ►product having a sohds con- produced in reactor 95 and fed from reactor 

tent typically of 30 to 40%, more especially about 35% 55 J. J> ^ ^ tQ ^ ^ 

by weight. 56 

The black liquor from black liquor tank 54 is fed to * , . . , . , , , . 

line 69 along line 58 and the white liquor in line 69 is fed J*™ th <; ™ r f n,c ch ™™ h P r f u <* d ln 

along line GO from white liquor tank 56. The liquor in chamber 67 of furnace 88 are employed as chemical 

line 69 is heated to an elevated temperature, typically 60 values to generate the white liquor used as cooking 

80° to 90* C. The heat in heater 64 is provided by steam liquor in digester 26, and the heat energy developed m 

line 66 from boiler 68. furnace 88 is used to ge nerate steam In baUer 68 

The liquor in line 62 serves to transport the pulp from heater 64 and steam mixer 72. 

vessel 24 into line 70 and reduces the solids content to The brownstock pulp in vessel 32 can be used as is to 

about 10 to 25%, by weight. 65 produce paperboard products in machine 104 or can 

The aqueous pulp mix in vessel 24 is transported first be bleached in bleach plant 102 to remove the 

through line 70 to digester 26 by the liquor from line 62. lignin and increase the brightness depending on the 

The mix in line 70 passes through the steam mixer 72 in desired paper product. 
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EXAMPLES 

The following Examples serve to illustrate particular 
aspects of the invention; in these Examples yields and 
charges are indicated in weight %. 

EXAMPLE 1 

Commercial corrugated waste in the form of 2"x8" 
strips was cooked with an alkaline solution containing 
2.9 g/1 sodium hydroxide and 2.35 g/1 sodium sulphide. 
The liquor sulphidity, i.e. ratio of sodium sulphide over 
sodium hydroxide plus half sodium sulphide, was 35%. 
With a liquor to waste ratio of 10 to 1, the effective 
alkali charge, i.e. weight of sodium hydroxide plus half 
sodium sulphide over weight of waste material, was 
8%. After cooking at a temperature of 174° C. for about 
30 minutes, corresponding to an H-factor of 50Q , a pulp 
yield on waste of 76.6% was obtained. The pulp prod- 
uct had a kappa number of 45.5, viscosity of 21 .4 and #8 
brightness of 25.6. 

EXAMPLE 2 

As in Example 1, but the cooking of waste was car- 
ried out for about 1 hour, corresponding to an H-factor 
o f 150Q, The pulp yield on waste in this case was 72. 1% 
and the pulp product had a kappa number of 29.9, a 
viscosity of 14.9 and a brightness of 29.3. 

Q EXAMPLE 3 ... 

Corrugated waste as in Examples 1 and 2 was cooked 
with an alkaline liquor with a sulphidity of 17.2%. The 
?yt cooking was carried out atj.74 0 C, a liquor to waste 
" I ratio of 9 to 1, an effective alkalis charge of 8% and an 
^^antl^acnainone charge of 0.04%. After about 30 minutes, 
corresponding to an H-factor of500, the pulp yield on 
waste was 72.8% and the pulp product had a kappa 
number of 39.5, a viscosity of 18.9 and brightness of 
26.0. 

EXAMPLE 4 

As in Example 3, but the cooking of waste was car- 
ried out for about 1 hour, corresponding to an H-factor 
of 1500 . The pulp yield on waste in this case was 70.2% 
and the pulp product had a kappa number of 26.7, a 
viscosity of 13.8 and a brightness of 29.0. 

EXAMPLE 5 

A commercial corrugated waste was re-pulped and 
cleaned to remove all contaminants from waste. The 
resultant waste had a kappa number of 91. 5,* a viscosity 
of 32.8 and a brightness of 14.8. This waste was then 
cooked for about 30 minutes, corresponding to an H- 
factor o f 500 , with an alkaline liquor having a sulphidity 
of 35%, at a temperature of 174° C, with a liquor to 
waste ratio of 7 to 1 and an effective alkalis charge of 
6%. The cooking produced a yield on waste of 81.2%, 
a pulp having a kappa number of 52.8, a viscosity of 24.2 
and a brightness of 18.4. 

EXAMPLE 6 

As in Example 5, but the cooking of waste was car- 
ried out with an effectiv e alkalis, charge o f and for about 
1 hour, corresponding to^n H-factor oLiSQO: The pulp 65 
yield on waste in this case was 74.8% and the pulp 
product had a kappa number of 28.5, a viscosity of 13.7 
and a brightness of 21.7. 



EXAMPLE 7 

Cleaned corrugated waste as in Examples 5 and 6 was 
cooked with an alkaline liquor having a sulphidity of 
5 25%, at a temperature of 174° C. with a liquor to waste 
ratio of 7 to 1 and an effective alkalis charge of 10% for 
about 1 hour, corresponding to an H-factor of 1400 . The 
cooking produced a yield on waste of 74.1%, and a pulp 
having a kappa number of 26.6, a viscosity of 12.3 and a 
10 brightness of 22.5. 

EXAMPLE 8 

A commercial corrugated waste was re-pulped and 
cleaned to remove all contaminants from waste. The 
15 resultant waste had a kappa number of 84.5, a viscosity 
of 23.4 and a brightness of 18.6. This was then cooked 
with an alkaline liquor having a sulphidity of 25%, at a 
temperature of 174° C. With a liquor to waste ratio of 7 
to 1, an effective alkalis charge of 10% for about. 45 
20 minutes, corresponding to an H-factor o f 1000, the 
cooking produced a yield on waste of 73.9% and the 
pulp had a kappa number of 27.2, a viscosity of 12.6 and 
a brightness of 26.9. 

25 EXAMPLE 9 

As in Example 7, but the cooking of waste was car- 
ried out with an effective alkalis charge of 12%. The 
pulp yield on waste in this case was 71.5% and the pulp 
3Q product had a kappa of 22.0, a viscosity of 1 1 and a 
brightness of 28.9. 

EXAMPLE 10 

Pulp at 3% consistency, produced from Example 7, 
35 was bleached in three stages namely D/CEoD. The 
bleaching chemicals for the first stage was a mixture of 
chlorine (C) and chlorine dioxide (D) and the pulp 
bleaching was carried out at 50 c C. for 45 minutes. The 
combined chemical charge was equivalent to a total 
4Q active chlorine (TAC) of 5.32% at 50% chlorine/chlo- 
rine dioxide substitution. The bleached pulp was then 
extracted at 10% consistency, with 4% caustic (E), at 
70° C. and in the presence of oxygen (o) at 45 psig 
pressure. The kappa, viscosity and brightness of the 
45 bleached and extracted pulp (D/CEo) was 2.3, 10.9 and 
53.8 respectively. The subsequent bleaching of the 
D/CEo pulp with 0.5% chlorine dioxide at 70° C, for 
150 minutes produced a D/CEoD pulp having a bright- 
ness of 81.9 and a viscosity of 10.7. 

EXAMPLE 11 

Pulp as produced from Example 7 was bleached in 
three stages D/CEoD as in Example 10, but with a 
chlorine dioxide dosage of 1.0% in the third stage. The 
D/CEoD bleached pulp had a brightness of 84.2 and a 
viscosity of 9.8. 

EXAMPLE 12 

Pulp as produced from Example 4 was bleached in 
five stages namely D/CEoDED. The total active chlo- 
rine TCA was 5.34% and CIO2 substitution was 50%. 
The CIO2 dosage in the Dl stage was 0.7%, The 
D/CEoD pulp had a brightness of 85.6 and a viscosity 
of 12.1. The D/CepD pulp was then extracted with 
0.4% caustic at" 10% consistency and at a temperature 
of 75° C. for 30 minutes. The resultant D/CEoDE pulp 
was then bleached with 0.3% CIO2 in th e S2 stage at 
10% consistency and at a temperature of 75° C. for 60 




5,147,503 




10 



minutes. The final D/CEoDED pulp had a viscosity of 
1 1,6 and a brightness of 87.9. 

COMPARISON EXAMPLE 13 

Cleaned commercial waste as in Example 5 was oxy- 5 
gen delignified with 100 psig oxygen gas, at 1 10 degrees 
C. for about 30 minutes in the presence of 8% NaOH 
and \% MgS04. The pulp product had a kappa of 49 
and a viscosity of 14.2. Compared with the pulp product 
produced in Example 5 which had a kappa of 52.8 and 10 
a viscosity of 24.2, the quality, i.e., viscosity of the oxy- 
gen delignified pulp product was clearly inferior. 



COMPARISON EXAMPLE 14 



15 



Oxygen delignification similar to that of Example 13 
was carried out, but the delignification time was about 
50 minutes and the NaOH dosage was 12% NaOH. The 
pulp product had a kappa of 30.5 and a viscosity of 8.0. 
This product was clearly inferior to the pulp product of 2Q 
Example 6, which had 28.5 kappa and 13.7 viscosity. 

COMPARISON EXAMPLE 15 

A commercial waste having 85.6 kappa was reslushed 
and the resultant pulp was used to produce standard 25 
handsheets at 127 g/m 2 basis weight. The pulp had a 
freeness of 570 SCF and the corresponding physical 
properties of the handsheets were a burst factor of 20.6, 
a ring crush of 32.6 lbs, an H&D stiffness of 42.8 lbs, and 
a concora of 28.4 lbs. 30 

When this waste was cooked according to Example 
5, the pulp product had a kappa of 50 and its freeness 
remained constant at 570 CSF. The 127 g/m 2 hand- 
sheets, made with this pulp product had a burst factor of 
31.9, a ring crush of 45.6 lbs, an H&D stiffness of 64.6 35 
-lbs-and=a=concora of 46r2 lbs. — " "~ 

It is clear from this Comparison Example that when 
comparing papers made with the reslushed commercial 
waste and papers made with the same waste treated 
according to Example 5, the papers of Example 5 are 40 
found to be much stronger and most strength properties 
were increased by at least 50%. 

EXAMPLE 16 

The black liquor produced from Example 7 was dried 45 
overnight at 100 degrees C, to obtain a solid. Through 
analytical methods, this solid byproduct was found to 
have a high heating value of about 6000 BTU/lbs. 



I claim: 

1. A process for recycling waste cellulosic paper 
product to produce a cellulosic fiber pulp comprising: 

digesting a waste manufactured paper product having 
a kappa number of at least 80 in an aqueous alkaline 
cooking liquor containin g at least sodium sulphide 
at a temperature of 160° C. to 180* C. to effect a 
delignification of cellulosic fibers in said waste 
product and produce a brownstock of a cellulosic 
fiber pulp and spent liquor, said cellulosic fiber 
pulp having a kappa number up to 40, a viscosity of 
at least 1 1 cps, and comprising fibers of a quality 
such that the pulp can be employed as the sole pulp 
in paper product manufacture. 

2. A process according to claim 1 wherein said delig- 
nification is carried out under an atmosphere of satu- 
rated steam. 

3. A process of claim 1, wherein said waste paper 
product comprises a single waste paper product having 
said kappa number of at least 80. 

4. A process of claim 1, wherein said waste paper 
product comprises a mixture of waste paper products. 

5. A process of claim 1 wherein said waste paper 
product is waste paperboard. 

6. A process of claim 5 wherein said waste paper- 
board has a kappa number of 80 to 120. 

7. A process of claim 6 in which said paperboard is 
corrugated paperboard. 

8. A process of claim 5 wherein said waste paper- 
board has a kappa number of 80 to 120 and said digest- 
ing is carried out to provide a brownstock pulp having 
a kappa number of 20 to 25. 

9. A process of claim 8 in which said paperboard is 
corrugated paperboard. 

^lO? A process of claim 8, wherein said aqueous alka- 
line cooking liquor comprises a kraft white liquor. 

11. A process of claim 10 including a step of subject- 
ing said brownstock pulp to a chemical bleaching oper- 
ation to product a bleached delignified pulp for 
bleached paper products. 

12. A process of claim 1, wherein said aqueous alka- 
line cooking liquor comprises a kraft white liquor. 

13. A process of claim 1 wherein said cooking liquor 
is employed in an amount relative to the waste paper 
product, of about 55 to 65%, of the cooking liquor for 
producing an equivalent amount of virgin pulp from 
wood chips. 

***** 
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